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INTRODUCTION
Epifluorescence microscopy has been used to count bacterial populations in two studies related to the disposal of transuranic (TRU) radioactive waste [ 1, 2] . The motivation for the microscopy studies was to determine the relevant microbially-influenced system variables which could be crucial with respect to transuranic waste repositories. Bacteria present at potential TRU waste disposal sites can play roles in, for example, 1) actinide retardation or transport [2], 2) biological transformation of organic or inorganic materials in radioactive waste containers [3] , and 3) gas generation due to bacterial metabolic activity [4] . Prior to addressing any of these variables, it is first necessary to confirm the presence of the bacteria and to quantify their populations.
In the first study, bacterial total numbers were determined in tests of actual low-level transuranic waste under high-ionic strength environmental conditions. Test containers at Los Alamos National Laboratory (LANL) hold miscellaneous laboratory items used in actinide research such as gloves, cellulosic materials, plastics, etc. In addition, solidified inorganic process sludge, pyrochemical salts, and various cementous materials were added to the different containers [5] . Large (55-gal sized) drums and small (2-3 liter sized) titanium test containers hold the varying types of material. A mixed bacterial inoculum, composed of muck pile salt, hypersaline lake brine, and sediment slurry was prepared by Brookhaven National Laboratory and added to the test containers. Synthetic brines similar to brines that could be found at potential salt-based radioactive waste repositories was also added to the containers.
In the second study, pure and mixed anaerobic, denitrifying bacterial cultures isolated by BNL from a salt environment were used [4] . Actinides of varying concentrations were added to the growth media prior to inoculation with the bacterial cultures. Cell numbers were measured as a function of incubation time in the growth cycle of each culture and as a function of actinide concentration. From monitoring temporal data, growth curves of the individud cultures were generated, and radiological or chemical effects of the actinides to the cultures were observed as trends in the curves. These types of effects are important factors underlying actinide retardation or transport by bacteria. This study included identifying the effects to the two cultures when exposed to 239Pu, 243Am, 237Np, 232Th and 23811 isotopes and employed turbidimetric, liquid scintillation and pH measurements, in addition to epifluorescence microscopy [ 1, 2] . We report herein only bacterial cell counts for studies of the pure culture with Pu and Am.
Epifluorescence microscopy offers several advantages when working with radioactive or hazardous samples [6, 7] . Small volumes of the samples are used (typically 0.01 to 0.50 ml) and as a result, there is minimal radioactive waste generation and minimal radiological exposure to the analyst. Additionally, analysis time is rapid. These two features are in contrast to the larger sample volumes and ancillary materials that end up as waste, the much longer growth and analysis time required with plate count methods, and the increased potential for exposure to personnel.
EXPERIMENTAL
Epifluorescence microscopy [8], when used with the appropriate fluorochrome, allows for the visualization of the smallest bacterial cells as well as the ability to differentiate them from nonmicrobial debris. The Zeiss Axioscope and the specific objective used in the studies gives a 1OOO-fold overall magnification. Accurate field of view determinations were made using either a NIST traceable micrometer or from measurements of transmitted light through TEM calibration grids.
In the data presented here, the specific fluorochromes used to render the bacteria fluorescent include deoxyribonucleic acid (DNA)-specific stain 4' ,Qdiamidino-Zpheny lindole dihydrochloride (DAPI) [9] . This stain has an absorbance maximum at 340 nm and a fluorescence maximum at 488 nm. The dye fluoresces when bound to adenine-thymine (A-T) rich regions of DNA, and the fluorescence appears white-blue to blue. This particular fluorochrome is useful when dealing with environmental samples because it also binds to phosphate-rich regions of nonbacterial organic matter with fluorescence emissions appearing yellow [9] . Thus, in the study of bacterial populations of the complex mixtures comprising the test radioactive waste containers, bacteria are readily distinguished from other organic matter. Because both viable and non-viable cells contain DNA, DAPI staining provides total bacterial counts.
The slides are prepared by first obtaining a small volume of the sample. In order to provide accurate measurements of cell numbers in time-dependent experiments, the cells must be fixed immediately after the sample is taken to prevent further growth of cells. Additionally, since the cells will be added to deionized water for staining by DAPI, fixation is also required to prevent cell lysis due to drastic changes in ionic strength. Chemical fixation with formaldehyde causes crosslinking of the polymeric layers of the cell wall, which increases rigidity and stability of the cell, preventing lysis. Approximately 10-40 pl of a 1 mg/ml DAPI solution is added to an aqueous suspension of the bacteria. The sample is placed in the dark for 5-7 minutes. The sample is vacuum-filtered onto a 0.20 pm poresize black Poretics membrane. Filtration is performed quantitatively and in a manner such that the sample material is filtered uniformly across the membrane. The membrane is mounted on a microslide and a coverslip placed over the membrane is sealed into place with silicon sealant. Since the membrane contains radioactive or hazardous material, the sealed coverslip provides containment of any contamination which may be present.
Bacteria concentration is determined by the following equation [IO] :
-(avg.cells/field) is the average of bacterial counts from 10-30 different fields of view of the emission image.
-(fields/filter) is an experimentally determined factor which is unique to the filtration apparatus and the microscope objective used. In our studies, this factor is 25,430 fieldslfilter.
-(dilution factor) must be taken into account if the total sample volume is first diluted, and only a portion of the diluted sample volume is used.
-(sample volume) is the total sample volume used in ml.
RESULTS AND DISCUSSION
The focus of this paper is to demonstrate the use of epifluorescence microscopy for enumerating microbial populations in the presence of radioactive materials. The results presented from the two studies are shown only as examples of the technique being successfully utilized in radioactive systems [6, 7] .
In the first study, epifluorescence microscopy with DAPI staining was used to enumerate total bacterial populations in test containers with actual low-level radioactive waste [5] . As discussed previously, the test containers hold different types of radioactive waste that could be Liter-Scale Container No. sized) titanium test containers and selected b) large (55 gal-sized) drum test containers. The small Figure 1 shows the results of total cell counts versus time in selected a) small (2-3 liter-test containers are comprised of ground-up solidified waste such as crucibles, etc., whereas the large test containers are made up of heterogeneous waste such as tygon tubing, lab coats, etc. As mentioned previously, sludge, salts and cementous materials were also added to the containers. All containers were inoculated with a mixed inoculum. Since the main point of this particular study was to determine bacterial populations within the brine solution with time, the lack of blanks or controls would not bias in any way the bacterial enumeration and would be complicated anyway by the presence of bacteria associated with the added solid materials. result of cell lysis and death. The decrease may be attributed, however, to cell aggregation or sorption to solid surfaces. the container. For the data shown in Figure 1 , the samples analyzed are obtained only from the test container brine solution, so any bacteria associated with the sludge are not detected. It is plausible that the bacteria are removed from the fluid column through aggregation and settling or sorption to test container surfaces. For any viable bacteria present, sorption to sludge material is feasible since this material will provide a source of carbon, nitrogen, sulfur and phosphorus, essential nutrients for bacteria survival. In addition, many bacteria grow and survive more successfully when sorbed to surfaces [l l-131. All of the mentioned nutrients are present in the solid waste, sludge and cementous materials.
To better ascertain the importance of microbial processes in the test containers, research has recently been initiated to determine the viability of the bacteria within the brine solution. Additional studies are aimed at determining the viability and types of bacteria attached to the sludge at the bottom of the test containers. Bacterial viability is suggested since several of the test containers have evolved gases that can be associated specifically with anaerobic denitrifying, or fermenting
The results show that the total bacterial cell numbers decrease with time which may be a
The waste material and/or sludge in the containers settle within the brine to the bottom of Changes to cellular morphology may be a result of cytotoxic effects of Pu on the bacteria. bacterial metabolic processes. As a result, tk bacteria, and the results will be presented in fuiure reports. culture were obtained in order to construct growth curves (cell numbers versus incubation time) of the cultures exposed to various concentrations of actinides [ 11. Any appreciable radiological or chemical effects from the actinides appears as variations in the growth curves. Figure 2 iditional studies focus on identifying these types of In the second study reported here, total bacterial counts from both a mixed and a pure These results are shown graphically in Figure 4a ) and are in excellent agreement with turbidimetric measurements of the growth medium with time [ 11. The agreement between the microscopy and turbidity measurements additionally insures that differences in cell counts at day 1 and day 7 are not a result of the variation in cell counts at day 0 [I] . Also shown in Figure 4 are growth curves of the pure culture with different concentrations of Am.
The inset table in each graph shows the radiological activity of the actinides as a function of their soluble concentration in the growth medium. Appropriate control experiments were performed to measure the association (i.e., sorption, precipitation, etc.) of the actinides with the cells [ 13. These experiments involved separating the bacteria from the growth medium by 0.20 pm filtration and performing liquid scintillation counting (LSC) measurements of a-activity in the growth medium before and after filtration [ 11. The association of the actinides of the cells could then be determined by LSC difference calculations.
as a function of Pu concentration; however, the presence of Am has minimal effect at all The data presented is the mean of six sample slides analysis, 5-30 fields counted per slide, and error shown is one Standard Deviation.
concentrations tested. Given that Am has approximately 60% more or-radiolytic activity than Pu in these experiments, the observed effects on bacteria growth in the Pu experiments implies more of a chemical versus a radiological effect. However, several more experiments must be performed to confirm the origin of this effect.
SUMMARY
Epifluorescence microscopy with the fluorescent dye DAPI has been successfully demonstrated to be a useful tool for enumeration of bacterial populations in radioactive environments. The technique offers several advantages over other microbiology methods for determining bacterial numbers in complex, radioactive systems. Total bacterial (viable and nonviable) populations can be enumerated using a single sample. Only small volumes of radioactive or hazardous materials are required, resulting in minimal contaminated waste generation and radiological exposure to the analyst. Also, rapid analysis time is possible and results are available in a minimum period of time, since no incubation is required. The technique, coupled with other complementary studies, allows assessment of the role of bacteria in radioactive waste repository environments with respect to actinide retardation or transport mechanisms, biological interactions with organic materials, and gas generation due to bacteria metabolism.
